The study area is located on the western part of the Gulf -500-
Introduction
The main aim of this work is the understanding of long-term tectonic processes in the Psathopyrgos area of the western Corinth Rift area through the construction of a series of digital maps showing the spatial distribution of the main morphotectonic indices. The morphotectonic analysis helps to identify tectonic processes at the surface (Keller and Pinter, 1996) . Our objectives are a) the mapping of the spatial distribution of the morphotectonic indices over a total area of 19.74 square kilometres (km 2 , Fig. 1 ), b) the spatial relationship between the slip rate of the Psathopyrgos active fault and particular indices and c) the creation of a digital database of the geomorphology characteristics in the study region. In this paper we will present a fraction of our results around the Psathopyrgos area that have been validated in the field.
In central Greece, large, shallow earthquakes (M>6) are found to rupture pre-existing fault scarps such as the 1981 earthquakes in the eastern end of the gulf of Corinth (Jackson et al. 1982) . Every large earthquake creates a permanent deformation at the Earth's surface (Stein et al. 1988) , resulting in the uplift of the footwall area and the subsidence of the hangingwall area, respectively. The key factor in shaping the landscape in such areas is the relation of the fault slip rate to the erosion rate, in other words in areas deformed by fast-moving faults the geomorphological signal will be much different from areas with slow-moving faults.
The spatial criteria for the recognition of active normal faults are Leeder 1994, Ganas 1997 ) a) the alignment of fault scarps along the base of mountain fronts b) the elliptical shape of the footwall area as observed in along-fault strike profiles c) the development of axial drainage in the hangingwall area and d) the development of trellis-type drainage in the footwall area with discharge of footwall catchments at both ends of segments. In this work we used a combination of techniques including use of orthorectified Landsat 7 image, a 20-m DEM mosaic and its byproducts (slope map, contours, TIN, shaded relief), a 90-m SRTM elevation model, geological data published in the literature and our own field work.
The study region
The study area is the western part of the Gulf of Corinth which is considered to be a paradigm of an active rift system in Greece (Fig. 1 ; De Martini et al. 2004 , Bernard et al. 2006 . This rift was formed by normal slip on large, E-W striking faults which extend the crust of central Greece in the N-S direction. The length of Corinth rift is 130 km and the width is 20-40 km. The major depth is -900 m and the major height of the mountains around the Gulf of Corinth is -2500 m. The south coast of the Corinth rift is uplifting whereas the north part is subsiding. From space geodesy we know that the Peloponnesus (southern part) moves faster towards southwest than the Greek mainland (Clarke et al. 1998) . The result from this movement is that these two areas move away from each other with an average speed of 1 cm/year and increasing from east to west. The bedrock lithology is mainly limestone and the syn-rift rocks are Pliocene -Quaternary age sedimentary rocks such as marls, sandstones, conglomerates and alluvial fan deposits.
In the study region, the active faults have normal kinematics. The area includes some of the most active faults in Greece that have already been studied by many researchers. For example, the Eliki Fault, which is approximately 40 km long ruptured during two important catastrophic earthquakes in 373 BC and in 1861 (Schmidt 1879) . Moreover the study area has rugged relief, several major rivers flowing in the general N-S direction (Fig. 1) , many narrow valleys and a lot of other interesting landforms. Within our study area the drainage is organized in fifty six (56) catchments. The catchments developed in the footwall area of the Psathopyrgos normal fault amount to fourteen (14) . The morphotectonic data for all catchments are presented in Table 1 . 
Materials and Methods
The software that was used was ArcGIS™v.8.1 for Windows. From the available to us digital data, we digitized a) the catchments (56), b) the streams c) the landslides, d) the triangular facets developed on the footwall area of the large, normal faults and e) the normal faults as mapped by Doutsos and Poulimenos (1992) , Roberts and Koukouvelas (1996) and by our own field work. The faults were located precisely by collecting fault plane coordinates using field GPS. The feature "active fault" includes 5 fields (attributes) namely the name of the fault, the length, the strike, the distance to the watershed (D to Divide) and the relief of each of them H max -H min (where H max is the maximum elevation in the footwall of the fault and Hmin is the minimum elevation in the hangingwall).
The estimated morphometric indices of this study are the following:
• Hypsometric curve and hypsometric integral (HI)
where H mecm , H max and H min are the mean, maximum and minimum elevation, respectively.
• Drainage basin asymmetry (AF)
where Ar is the size of area in the right sub-catchment of main river and At is the area of whole catchment.
• Ratio of valley floor width to valley height (V)
where Vf is the width of the valley floor, hj and h 2 are the elevation of the right and left drainage basic line and h 3 is the elevation of the valley floor.
In this paper we will present the results concerning the spatial distribution of the hypsometric integral (relation 1), the basin asymmetry index (relation 2), and the variation of the slope of the triangular facets along the fault. We also discuss the implications of the above morphotectonic indices and in particular the Valley Height-width ratios (relation 3) for the Psathopyrgos fault.
Results and Discussion
Our results are presented in tabular form below (Tables 1, 2 ) and as maps ( Fig. 2 and so on). Table 1 summarises the selected morphotectonic indices for all catchments in Figure 1 . Figure 2 presents the spatial distribution of hypsometric integrals and Figure 3 the basin asymmetry, respectively. The map of the hypsometric integral (relation 1) shows very high values in the catchments where their main rivers pour out in the Psathopyrgos and Marathias hangingwall regions (Fig. 2 , catchments 13 to 29 and 46 to 50). The Psathopyrgos normal fault strikes E-W and its footwall catchments show values ranging from HI=0.5 to 0.7. The Marathias normal fault also strikes E-W and its footwall catchments range from HI=0.35 -0.60. This means that these regions have a high mean topography which results from high rates of tectonic activity as demonstrated by the rapid uplift of the footwall of Psathopyrgos fault (0.7-0.8 mm/year; Houghton et al. 2003) . Also, the hypsometric integral has a relatively high value in the catchments 1 to 5, which have been developed in the footwall area of the Eliki fault. The uplift rate of the footwall area has been determined by De Martini et al. (2004) as 1.0-1.25 mm/year for the East and West Eliki Fault respectively. There is no geological data for uplift rates along the Marathias normal fault. The map of the Basin Asymmetry factor (AF; relation 2) shows the catchments along the Psathopyrgos fault follow the long-term slip rate distribution, i.e. catchments 14 to 22 show values less than 50 % indicating tilt to the right (east). Catchments 17 and 19 show AF values near 50 indicating the transitional "signal" between the two tilt directions along strike. On the other hand, catchments 23 to 27 show values greater than 50 indicating tilt to the left (west). This result allows us to suggest that Psathopyrgos is a mechanically isolated normal fault, so its footwall profile follows an elliptical shape, therefore tilt direction switches from east to west along strike. Along the Marathias fault the tilt is generally to the west with the exception of catchment 48 (Sergoula stream) which is tilted to the east. Along the Eliki Fault the distal catchments (1 and 5) show values greater than 50 (tilt to the right -east) while the proximal catchments (2, 3 and 4) are tilted to the left (west). As the hinterland of the Eliki fault is also deformed by other, parallel normal faults it is difficult to interpret this tilt pattern. The step over area between the two Eliki segments (Fig. 1) belongs to the catchment of river Kerinitis and shows a moderate tilt to the west (45).
The mean slope map of catchments shows that catchments in the footwall area of Psathopyrgos and Marathias faults have the highest values. Catchment slopes along Psathopyrgos range from 16.2°-26.3° and those along Marathias from 18.4°-25°, respectively. The catchment of Kerinitis river shows the highest mean slope (20.9°) in the footwall area of the Eliki fault.
The Psathopyrgos normal fault at the westernmost end of the Gulf of Corinth (Fig. 1 ) has been studied in more detail as it shows the characteristic elliptical profile of footwall elevations (Fig. 5) . The footwall catchments have been analysed and four morphotectonic indices have been calculated, namely the Hypsometric integral, the mean slope, the valley width-to-height ratio and the basin asymmetry factor. All values are given in Table 3 below.
The footwall area of the Psathopyrgos normal fault is dissected by a dozen of streams with N-S flow. Stream downcutting has developed a series of characteristic erosional landforms along the mountain front, the triangular facets (Fig. 3) . Facet slope varies along strike from 15.3° (east end) to 25.8° (west end) with highest values towards the west (slope > 30°; Fig. 4 ). This data support a weak correlation between mountain front lithology and mean slope of facets. Also, the high mean slope values are characteristic of active faulting (e.g. . A second important observation concerns the east-west distribution of the asymmetry factor (Fig. 6 ). The catchment asymmetry shows a flip in the tilt direction at about 5 km along strike (from eastward to westward) which is in agreement with the elevation change seen on the footwall profile (Fig. 5) . A third observation concerns the distribution of the valley width-to-height ratio. We calculate this ratio upstream of the mountain front for all fourteen catchments along the Psathopyrgos fault (Table 3) . The ratio plot (Fig. 6 ) shows values > 1 at distances 2000-7000 m along strike which is in disagreement with values <1 at both fault ends and towards the middle. This discrepancy is not due to a lack of tectonic uplift and the development of U-shaped valleys in this area but to the (Table 2) . Facet number is shown in Figure 3 Table 2 -Size (area) and mean slope for each of the triangular facets in the footwall area of the Psathopyrgos Fault. Facet numbering is shown in Figure 3 Number (Verrios et al. 2004) where the 1861 earthquake ruptures were observed (Schmidt 1879) .
We analysed the elevation profile of the footwall in order to examine if it can be fit by an elliptical line in accordance with other profiles along isolated, normal fault segments in central Greece . Figure 5 shows the graph showing the footwall elevations along the Psathopyrgos active fault. We observe that the overall elliptical shape is maintained with high confidence as R 2 values range between 0.84 (quadratic fit) and 0.90 (cubic fit).
Conclusions
a) We studied the morphotectonics of the western Gulf of Corinth and focused our attention to the Psathopyrgos normal fault. This fault strikes E-W and its footwall catchments show values ranging from HI=0.5 to 0.7. This means that this region has a high mean topography which results from high rates of tectonic activity. Table 2 . In order to maintain a similar Y-axis in this plot the mean slope of catchments is given in radians and the basin asymmetry index is divided by 100
b) The Psathopyrgos fault is a mechanically isolated normal fault, because its footwall elevation profile follows an elliptical shape (Fig. 5 ) and its footwall tilt direction switches from east to west along strike. The footwall best-fit curve is a cubic polynomial. d) The variation of Vr ratio along the Psathopyrgos fault shows values > 1 at distances 2-7 km away for the east end. This is not the result of lack of tectonic uplift but it is due to the existence of relatively weak lithology of the syn-rift (conglomerates). Vr values < 1 exhibit valleys developed on bedrock (limestone). In fact, the lowest values of Vr exist at both ends of the fault where long-term slip rates are expected to be the lowest. This observation may suggest that these areas have experienced very recent uplift and intense down-cutting as a result of bi-directional fault growth.
